Three strains (KS8, KS9 T and KS21), isolated from air samples near a composting facility, were subjected to taxonomic analyses (characterized using a polyphasic approach). Morphological and chemotaxonomic characteristics of the isolates were in agreement with those described for members of the genus Nocardiopsis. On the basis of 16S rRNA sequence comparison and phenotypic tests, KS21 clearly belonged to Nocardiopsis alba. KS8 and KS9
INTRODUCTION
proposed the genus Nocardiopsis to include actinomycetes showing fragmenting mycelium and a cell wall containing meso-diaminopimelic acid, but no diagnostically important carbohydrates. Subsequently, it was shown that strains assigned to the genus as defined by Meyer (1976) were heterogeneous in terms of their lipid composition (Goodfellow et al., 1988 ; Grund & Kroppenstedt, 1990) . As a consequence, the proposal was made to restrict the genus Nocardiopsis to those organisms showing the following chemotaxonomic characteristics : cell wall chemotype III (meso isomer of diaminopimelic acid and no characteristic sugars in whole-cell hydrolysates) (Lechevalier & Lechevalier, 1970) The GenBank accession numbers for the 16S rRNA gene sequences of strains KS8, KS9
T and KS21 are AF360733, AF360734 and AF360735, respectively. ethanolamine as characteristic phospholipids) (Lechevalier et al., 1977) ; menaquinone MK-10 as the major isoprenoid quinone, with variable degrees of saturation (Collins et al., 1977) ; fatty acids of the 3d type, according to the numbering system of Kroppenstedt (1985) ; and a DNA GjC content between 64 and 71 mol % (Grund & Kroppenstedt, 1990 ). This grouping defined by chemotaxonomic features was later confirmed by 16S rDNA sequence analysis (Rainey et al., 1996) . At present, the genus Nocardiopsis contains ten species : Nocardiopsis dassonvillei (Meyer, 1976) , with the two subspecies N. dassonvillei subsp. dassonvillei and N. dassonvillei subsp. albirubida (Evtushenko et al., 2000) , Nocardiopsis alba, Nocardiopsis listeri (Grund & Kroppenstedt, 1990) , Nocardiopsis halophila (Al-Tai & Ruan, 1994) , Nocardiopsis lucentensis (Yassin et al., 1993) , Nocardiopsis prasina, Nocardiopsis synnemataformans (Yassin et al., 1997) , Nocardiopsis tropica, Nocardiopsis trehalosi (Evtushenko et al., 2000) and Nocardiopsis kunsanensis (Chun et al., 2000) . The species status was supported by 16S rRNA gene sequence analyses, DNA-DNA reassociation data and phenotypic properties (Fischer et al., 1983 ; Rainey et al., 1996 ; Yassin et al., 1997 ; Chun et al., 2000) . Recently, two strains from indoor environments have been characterized and described using a polyphasic approach. For these organisms, it could be also shown that they belong to two novel Nocardiopsis species, for which the names Nocardiopsis exhalans and Nocardiopsis umidischolae were proposed (Peltola et al., 2001) .
In this paper, results are presented of a taxonomic study of three strains, collected from the air of a composting facility in Kassel-Niederzwehren, Germany. Based on these results, it is evident that two of these strains represent a novel species, for which the name Nocardiopsis compostus sp. nov. is proposed.
METHODS
Organisms and their sources. Strains KS8, KS9 T and KS21 were collected from a bioaerosol in the surroundings of a composting facility in Kassel-Niederzwehren, Germany. Collection was performed by filtration. The filters were incubated on the surface of casein soy peptone agar (CASO ; Oxoid) at 28 mC for 7 days. Colonies were picked and subcultivated on CASO agar. For physiological characterization and fatty acid analyses, the type strains of all other Nocardiopsis species were included, with the exception of N. kunsanensis (Table 2) .
Morphological characteristics. Cell morphology was examined by phase-contrast microscopy with a light microscope (Leitz). Motility was studied by the hanging-drop method. Cell dimensions were measured with an ocular (i10) and an objective (i100\1n25). Gram staining was performed by Hucker's modification (Gerhardt et al., 1994) . Colony morphology was studied with a stereo microscope (Olympus model SZ 11).
Physiological characteristics. The effects of different temperatures, pH values and NaCl concentrations on growth were determined for strains KS8, KS9 T , N. halophila DSM 44494 T and N. trehalosi DSM 44380 T . The effects of temperature on growth were determined on CASO agar and SGA agar, pH 7n3 (Al-Tai & Ruan, 1994) , incubated for 14 days at 4, 10, 15, 25, 30, 36, 42, 45, 50, 55 or 60 mC. The effects of pH (4n5, 6n5, 7n3, 8n5, 9n5) were determined on CASO agar and SGA agar incubated for 14 days at 28 mC. The tolerance of different NaCl concentrations (0, 5, 10, 15, 20, 25 %, w\v) was determined on CASO agar and SGA agar incubated for 14 days at 28 mC. Additional physiological tests in microtitre plates were done for all reference strains as described Nocardiopsis compostus sp. nov.
previously (Ka$ mpfer et al., 1991) . These tests were read after 7 days at 28 mC.
Extraction and analysis of isoprenoid quinones and polar lipids. Menaquinones were extracted and analysed as described previously (Tindall, 1990) . Polar lipids were extracted and analysed by TLC according to Ventosa et al. (1993) .
Preparation and analysis of fatty acids. Fatty acid methyl esters were determined according to Ka$ mpfer & Kroppenstedt (1996) , except that the cells were grown at 28 mC.
16S rRNA gene sequence determination and phylogenetic
analyses. The extraction of genomic DNA, PCR amplification of the 16S rRNA gene and sequencing of the purified PCR products were carried out as described previously (Rainey et al., 1996) . Purified sequence reaction products were electrophoresed with a model 310 Genetic Analyser (Applied Biosystems). The 16S rRNA gene sequences obtained in this study were aligned against previously determined actinobacterial sequences available from public databases using the ae2 editor (Maidak et al., 1999) . The method of Jukes & Cantor (1969) was used to calculate evolutionary distances. Phylogenetic dendrograms were generated using various treeing algorithms contained in the  package (Felsenstein, 1993) .
RESULTS AND DISCUSSION

Pigmentation and morphological characteristics
The aerial mycelium formed by the three isolates was white to off-white. The vegetative mycelium was yellow-brown or colourless. All three isolates were very similar in the morphological appearance of their colonies. In the literature, distinguishable substrate mycelial pigments were reported previously in N. synnemataformans (pimento colour) (Yassin et al., 1997) , N. halophila (coral-red to red) (Al-Tai & Ruan, 1994) and N. dassonvillei DSM 40465 T (brownish-red or yellow) (Grund & Kroppenstedt, 1990 ; Kroppenstedt, 1992) . Like the other Nocardiopsis species with aerial hyphae, all three isolates showed typical fragmentation and formation of smooth, irregular, elongated spores. Isolates KS8 and KS9 T showed no morphological structures such as synnemata (Yassin et al., 1997) . Strain KS21 showed a very similar morphology to that of N. alba.
16S rDNA sequence analysis
Almost complete 16S rRNA gene sequences of between 1454 and 1456 nt were determined for the three airborne isolates. Phylogenetic analyses based on a dataset comprising 1401 unambiguous nucleotides between positions 41 and 1493 (Escherichia coli positions ; Brosius et al., 1978) showed the novel isolates to cluster within the radiation of the species of the actinobacterial genus Nocardiopsis (Fig. 1) . The three isolates shared 96n7-99n9 % 16S rRNA gene sequence similarity to each other and between 95n7 and 99n9 % to previously described Nocardiopsis species. Strain KS21 showed 99n9 % 16S rRNA gene sequence Phosphatidylmonomethylethanolamine (PME), phosphatidylcholine (PC), diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and two unknown phospholipids (PL1, PL2) were detected as the major lipids ; phosphatidylinositol mannoside (PIM) and phosphatidyldimethylethanolamine (PDE), monomannosyl diglyceride (MMG), an unknown glycolipid (GL1), an unknown phospholipid (PL3) and phosphatidylethanolamine (PE) were also detected. Utilization of : Nocardiopsis compostus sp. nov. Hydrolysis of :
similarity to N. alba DSM 43377 T . A 16S rRNA gene sequence similarity value of 99n9 % was found between strains KS8 and KS9 T , which represent a distinct lineage branching from the N. halophila and N. trehalosi lineage (Fig. 1) . Bootstrap analyses showed that strains KS9 T and KS8 branched together with N. halophila in all analyses. Strains KS8 and KS9 T showed less than 98 % 16S rRNA gene sequence similarity to any of the previously described Nocardiopsis species.
Phospholipid patterns
Strains KS8 and KS9 T revealed almost identical phospholipid patterns. The polar lipid profiles of both isolates consisted of four major compounds. Phosphatidylmonomethylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidylglycerol and two unknown phospholipids (PL1 and PL2) were detected as the major lipids ; phosphatidylinositol mannoside and phosphatidyldimethylethanolamine, monomannosyl diglyceride, an unknown glycolipid (GL1), an unknown phospholipid (PL3) and an unknown aminolipid (AL) were detected as minor spots after two-dimensional TLC. In addition, traces of phosphatidylethanolamine and phosphatidylinositol could be detected (Fig. 2) . The phospholipid pattern corresponded clearly to type PIII sensu Lechevalier et al. (1977) . The patterns were similar to that of N. listeri (Kroppenstedt, 1992) , but could be differentiated by the presence of the unknown phospholipid PL2 and other lipids found in minor amounts such as PL3 and AL. Strain KS21 also clearly showed phospholipid pattern PIII sensu Lechevalier et al. (1977) (results not shown).
Quinone system
Strains KS8 and KS9 T displayed almost identical quinone systems consisting of menaquinones with 9, 10, 11, 12 and 13 isoprenoid units in the side chain and a variable degree of saturation. The major menaquinones in these two isolates were MK-10(H ) ) (47 -52 %), ) (18-20 %), MK-10(H ' ) (8 %) and MK-12 (6-7 %). Furthermore, MK-13 (4 %), MK-11(H ' ) (3-4 %), MK-9(H ) ) (3-4 %) and MK-10(H % ) (2 %) could be detected in significant amounts. Other menaquinones were only detected in amounts less than 1 %. This quinone system, with the predominant menaquinones MK-10(H )
) and MK-11(H ) ) and significant amounts of MK-12 and MK-13, is unique among species of the genus Nocardiopsis, which were reported to contain a quinone system with menaquinone MK-10 and a variable degree of saturation of the isoprenoid side chain. The quinone system of KS21 was characterized by the presence of MK-10(H ) ) (27n7 %), MK-10(H ' ) (31n0 %), MK-10(H % ) (12n3%) and MK-9(H ' ) (11n7 %). In addition, MK-9(H ) ) (5n8 %), MK-9(H % ) (4n5 %), MK-10(H # ) (1n3 %) and MK-9(H # ) (1n0 %) were present.
Fatty acid patterns
The fatty acid patterns of strains KS8 and KS9 T were almost identical and mainly composed of iso-and anteiso-branched acids combined with tuberculostearic acid (Me18 : 0), straight-chain saturated (16 : 0, 18 : 0) and unsaturated (16 : 1, 17 : 1, 18 : 1) acids (Table  1) ; no hydroxy fatty acids were detected. The fatty acid pattern of strain KS21 was very similar to those of type strains of Nocardiopsis species. The lipid pattern and the fatty acid profiles are typical for the genus Nocardiopsis (Grund & Kroppenstedt, 1990) .
Physiological tests
Physiological characteristics for all type strains of Nocardiopsis species are presented in Table 2 . Strains KS8 and KS9 T were identical in their test profiles. Isolate KS21 showed results identical to those of the type strain of N. alba. All species could be differentiated on the basis of several physiological tests. The results of the majority of tests were congruent with those published in earlier studies (Grund & Kroppenstedt, 1990 ; Evtushenko et al., 2000 ; Chun et al., 2000) , but showed some discrepancies to those tests published by Yassin et al. (1993 Yassin et al. ( , 1997 , which could be Growth is scored as : j, fair ; jj, good ; jjj, very good ; k, absent (after 14 days incubation at 28 mC). All strains showed very good growth on SGA medium with 0 and 5 % NaCl and on CASO medium with 0 % NaCl and at pH 6n5, 7n3, 8n5 and 9n5. Growth of all strains was absent on SGA medium with 25 % NaCl and on CASO medium with 25 % NaCl, at pH 4n5 and at 4, 10, 55 and 60 mC. Table 3 . KS8 and KS9 T showed identical growth responses. Both strains grew on CASO agar up to a NaCl concentration of 10 % (w\v). For N. halophila DSM 44494 T , a positive growth response was observed up to a NaCl concentration of 20 % (w\v), which is in accordance with Al-Tai & Ruan (1994) . Similar patterns were observed on SGA agar ( 
Conditions
Taxonomic affiliation of the strains
The nocardioform morphology, 16S rRNA gene sequence analyses and chemotaxonomic features clearly provided evidence that strains KS8, KS9 T and KS21 belong to the genus Nocardiopsis. As seen from the phylogenetic positions, strain KS21 showed 99n9% 16S rRNA gene sequence similarity to N. alba DSM 43377 T . On the basis of phenotypic properties, this isolate could be assigned clearly to N. alba.
Isolates KS8 and KS9 T shared 99n9 % 16S rRNA gene sequence similarity. Furthermore, they showed almost identical quinone systems, polar lipid profiles and fatty acid patterns and identical physiological profiles. The two strains can be considered to belong to the same species. A comparison of 16S rRNA gene sequences revealed low similarities ranging between 95n7 % (to N. kunsanensis) and 95n9 % (to N. tropica) to other Nocardiopsis species.
These 16S rRNA gene sequence similarity values are much lower than the similarity values between other closely related species of the genus Nocardiopsis. The distinctness of both organisms is also seen from the physiological characteristics, the quinone systems and polar lipid patterns.
The data demonstrate that strains KS8 and KS9 T are representatives of a novel species of the genus Nocardiopsis. The name Nocardiopsis compostus sp. nov. is therefore proposed for strains KS8 and KS9 T . N. compostus can be differentiated from other Nocardiopsis species by its menaquinone system and the characteristics given in Tables 2 and 3. 
